In rats, analgesic doses of cocaine (25 mg/kg, i.p.) suppressed the responses of 20 of 22 medial and lateral thalamic neurons to reticular formation and somatic noxious stimuli. The responses of 7 of 8 lateral thalamic neurons to innocuous somatic stimuli were unaffected or enhanced. The suppression of thalamic responses to noxious stimuli may be part of the mechanism underlying cocaine analgesia.
Centrally acting analgesics may enhance bulbospinal inhibition of spinothalamic tract excitation 1'7'8. The spinothalamic tract projects to the medial thalamus 1° '18 , and a significant proportion of cells in the medullary reticular formation (MRF) and medial thalamus respond exclusively or differentially to noxious or escape-eliciting stimuli 3-6'9'14'17. We have recently demonstrated that analgesic doses of cocaine increase the spontaneous discharge and decrease the nociceptively evoked activity of (MRF) neurons with axonal projections to the medial thalamus 2. We conducted this preliminary study to determine whether an analgesic dose of cocaine produces an opiate-independent suppression of medial thalamic neuronal responses to somatic noxious and MRF electrical stimuli, and to compare this effect with that observed for similar responses of ventrobasal thalamic neurons.
Twenty-two adult, male Sprague-Dawley rats (250-400 g) were anaesthetized with chloral hydrate (400 mg/kg, i.p.) with supplemental doses sufficient to suppress flexion reflexes. End-tidal CO 2 was maintained between 3.5 and 4.5% and the rectal temperature between 36.5 and 38.5 °C. Animals were placed in a spinal stereotaxic frame according to the atlas of Paxinos and Watson 15. Insulated stainless-steel microelectrodes Four chronic recording animals were prepared as described previously 13 with a chronic recording mount stereotaxically positioned above the medial and lateral thalamus. Animals were allowed 2 weeks to recover before recording was initiated. Chloral hydrate (320 mg/kg, i.p.) was administered just before the recording microelectrode was inserted. A mercury commutator (Dragonfly Industries) was used to minimize cable and movement artifacts. The locomotor effects of cocaine precluded recording from fully awake rats; therefore, all recordings were made while the unrestrained animals were lightly anesthetized and exhibited a robust flexion reflex to hindpaw pinch. Only a single neuron was completely studied in each acutely prepared rat because of uncertainty about the duration of the effects of i.p. administered cocaine. The intensity of noxious stimulation was limited to levels just sufficient to elicit consistent withdrawal movements. Fig. 1 shows the location of recording sites. In fully anesthetized rats, medial thalamic neurons (n = 14) responded exclusively to noxious stimuli (mechanical and electrical). Ninety-two percent (13/14) of the medial thalamic neurons showed reductions ranging from 1 to 160 sp/s (28-100%; average, 72.5 + 26.1 S.D.%) in their nociceptively evoked response within 5 min of cocaine administration; the remaining cell was unaffected. Control injections of saline were ineffective. Fig. 2 shows examples of the cocaine effect for 3 neurons. Suppression of evoked responses persisted during the 30-90 min of observation and occurred in the absence of large increases or decreases in the level of spontaneous firing frequency. Mean prestimulus activity before cocaine administration was 3.3 sp/s (range: 0.22-18 sp/s) and the average change was an increase of 0.45 sp/s (range: 0.15-1 sp/s). Naloxone (1 mg/kg, i.p.) was administered 15 min after cocaine without effect in three animals ( All lateral thalamic neurons (n = 8) in anesthetized rats responded exclusively to innocuous tactile or pressure stimuli, had small contralateral receptive fields and were all located in the ventroposteriomedial (VPM) region of VB (Fig. 1) . Five VPM units showed no change in responsiveness, two showed an increase, and only one showed a significant decrease in the level of evoked activity after cocaine administration. Cocaine had no significant effect on the spontaneous firing frequency of lateral thalamic neurons.
Eight somatically responsive cells were tested with cocaine in the 4 chronically prepared animals. The interval between tests was at least 1 week. Fig. 1 shows that seven histologically localized neurons were recorded from several medial and lateral thalamic nuclei: two each from CM-PF and PO; one each from VPM, LP and ZI. All of the neurons responded exclusively to nociceptive stimuli, and 7 demonstrated an average reduction of 15. The proportion of neuronal responses to noxious stimuli that were reduced by cocaine (20 or 22) is significantly different from the proportion of similarly affected responses to innocuous stimuli (1 of 8; p < 0.001 by Fisher's exact testl6). These results suggest neuronal evoked responses to noxious and innocuous stimuli are differentially influenced by analgesic doses of cocaine. The medial thalamus may be primarily affected by cocaine because the largest proportion of nociceptive neurons was recorded from that site. Neurons recorded in lightly anaesthetized animals also showed decreased responsiveness to noxious stimuli after cocaine. Consistent with behavioral analgesia 11 and changes in MRF neuronal responses 2, the effects of cocaine on 3 medial thalamic neurons were not reversible with the opiate antagonist naloxone.
Cocaine produced a suppression or enhancement of thalamic responses without changing the level of spontaneous activity of most neurons, suggesting that thalamic inputs were affected selectively. At least part of the suppression of medial thalamic responses must be attributed to mechanisms acting between the MRF and thalamus because centrally (MRF) evoked thalamic responses were also reduced after cocaine. Because cocaine markedly increases the spontaneous activity of most MRF cells 2, a monosynaptic effect of MRF cells on the soma of thalamic neurons does not explain the suppressive effect of cocaine on thalamic responsiveness. Additional experiments will be necessary to elucidate the mechanisms underlying these cocaine-induced changes and their significance for cocaine analgesia. This work was supported by a grant from the Veterans Administration and a Bristol Myers Award, C.R.B. by an NSF Predoctoral Fellowship and A.P. by the Fogarty Foundation.
